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recording unit, ink cartridge, and ink-jet recording apparatus 



(57) A liquid composition for ink-jet recording, or an 
ink set for ink-jet recording which produces an image 
having water resistance and excellent print quality, and 
which can reduce color bleeding that occurs in formation 
of color images, and furthermore, which can extend a 
life-span of ink-jet recording heads, as well as an ink-jet 
recording method, a recording unit, an ink cartridge and 



an ink-jet recording apparatus are provided. The liquid 
composition or a color ink constituting the ink set com- 
prising a polyvalent metal salt, a material selected from 
the group consisting of acids including amino groups 
and salts thereof, and a liquid medium is used. 
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EP 1 191 077 A1 

Description 

BACKGROUND OF THE INVENTION 
Field of the Inve nti o n 



ZSJJiSS ™ c di 'S an , ' 30 f ** '"^ an ink S * wording, an ink- 

invention rLesUyXa^^mon ^^^ ■*? aPParatUS ' ' n particu,ar > the P rese " 

that occurs in formal on of cZXZ a^TZZ IT™* "? eXCe " em P""' qUalMy: redUC6S C0,0r **»*8 
as well as to an ink for ink° efan inT set for S £ JESEL H ° f headS USin 9 thermal ene ^ 

unit, an ink cartridge, and an Z+^XlSZ^?' " 9 meth ° d ° TO °' ^ 3 



Description of Background Art 
[0002] 



ticuiar, since color Z£ ^ the ^^^^1^^^^ ^'^^ qUa ' ity ^ ^ 

irnage a lity , varjous m 9 hods ^^CS^^^^T 3 ^ ^ °" « 

containing a precipitant and ^second ,'iou id col 9 thecolorbleedin 9 by concurrent use of a first liquid 

oipitant, has b'een Sisdosed L^p^lTJri^^lIT ' "!!** T Pr ° dUCe by the ^ 

which can produce precipitates by t^Kt^^TS^T^ n ^ 88 ^ C ° ,0ring a9Snt ' 

been disclosed. Furthermore the first itaJw ml„ i , h ?k ^ mclud, "9 at least one carboxylic group, etc., have 
be used as the ink th ° f,rSt " qU,d lnclude th * coloring agent, and in this case, the first liquid can also 



SUMMARY OF THE INVENTION 



Sncon^^ ° f *° P-en« invention, it was discovered that when a 

the aforementioned ^^J^nS^!^^ Japa " 6 f e Patent ^Open No. 5-202328 in order to prevent 

polyvalent metal salt were forced on he te™f * JS** sometimes . Ration derived from the 

result, the quantity V^J^ZSSZSZZ^ f !° ' U,i ° n C ° ntaining P °' yValent metal salt - A * * 

to those at the iniL, stage so as KS^^ TJl^ *"" r **" dr ° P ' etS Were reduced c ° m P-* d 

observed that kogation sometimes causes breaks tn thZ h t ' ma9e ^ WaS ln addition ' il has been 

solution. omet-mes causes breaks ,n the heater so as to prevent ejection of the polyvalent metal salt 

c^ltio^ * - overheating of the ink or the .iquid 

the polyvalent metal salts and theSiTncreasino ^ V ^ ° r d ° Wn the anionS instituting 

the heater. As a result the alShSI aSo IcreSo ^T*'™ ° f Cati ° n i0nS (P 01 ^™ ™tal ions) around 
a metal, such as, for ^T^^ n 3SS:, , 2 SST ^ ^ * 

ss ^r 0 ;re^ compositions or i„ ks 

reig^ to P — - * - -ich can extend the life-span of an ink-jet 

[0008] A further object of the present invention is to provide an ink-iet recordinn mo ,h n H 

cartridge, and an ink-jet recording apparatus which can DrovWeWnh ™ ?^ 9 ' reCOrdm 9 unlt > an ink 

jet recording head. PParatus which can provide h.gh quality images and extend the life-span of an ink- 

£52 Icco^^t 0 ^ 6018 aChi6Ved by thS Present invention as desc *ed below. 
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liquid composition comprising (a) a polyvalent metal salt, (b) a material selected from the group consisting of acids 
including amino groups and salts thereof, and (c) a liquid medium. 

[0011] According to another aspect of the present invention, there is provided an ink-jet recording method comprising 
the steps of: (i) ejecting aforementioned liquid composition toward a recording medium by applying energy to the liquid 
composition; and (ii) ejecting aforementioned color ink toward a recording medium by applying energy to the color ink, 
wherein the steps are performed so that the liquid composition and the color ink form a contact state on the recording 
medium. 

[0012] According to further aspect of the present invention, there is provided an ink set for ink-jet recording compris- 
ing: (1) the aforementioned liquid composition and (2) a color ink which comprises a coloring material and a liquid 
medium, and reacts with the liquid composition by contact with the liquid composition. 

[0013] According to still further aspect of the present invention, there is provided a recording unit comprising: a liquid 
composition container portion containing the aforementioned liquid composition; an ink container portion containing a 
color ink which reacts with the liquid composition by contact with said liquid composition; and an ink-jet recording head 
for ejecting each of the liquid composition and thecoior ink by applying energy to the liquid composition and the color ink. 
[0014] According to still further aspect of the present invention, there is provided an ink cartridge comprising: a liquid 
composition container portion containing the aforementioned liquid composition ; and an ink container portion containing 
a color ink which comprises a coloring material and a liquid medium, and reacts with the liquid composition by contact 
with the liquid composition. 

[0015] According lo still further aspect of the present invention, there is provided an ink-jel recording apparatus 
comprising: a liquid composition container portion containing a liquid composition; an ink container portion containing 
a color ink which reacts with the liquid composition by contact with the liquid composition; and an ink-jet recording 
head for ejecting each of the liquid composition and the color ink by applying energy to the liquid composition and the 
color ink, wherein the liquid composition is the aforementioned liquid composition. 

[0016] According to still further aspect of the present invention, there is provided an ink set for ink-jet recording 
comprising: (1) a color ink comprising a coloring material, a liquid medium, a polyvalent metal salt, and a material 
selected from the group consisting of acids including amino groups and salts thereof; and (2) a black ink which com- 
prises a coloring material and a liquid medium, and reacts with the color ink by contact with the color ink. 
[0017] According to still further aspect of the present invention, there is provided an ink-jet recording method com- 
prising the steps of: (i) ejecting the aforementioned black ink toward a recording medium by applying energy to the 
black ink; and (ii) ejecting the aforementioned color ink toward a recording medium by applying energy to the color ink, 
wherein the steps are performed so that the black ink and the color ink form a contact state on the recording medium. 
[0018] According to another aspect of the present invention, there is provided a recording unit comprising ink con- 
tainer portions containing each of the inks constituting an ink set and an ink-jet recording head for ejecting each of the 
inks supplied from the ink container portions by applying energy to the inks. 

[001 9] According to further aspect of the present invention, there is provided an ink cartridge comprising ink container 
portions containing each of the inks constituting an ink set. 

[0020] According to still further aspect of the present invention, there is provided an ink-jet recording apparatus 
comprising: an ink container portion containing an ink set comprising at least a black ink and a color ink; and an ink- 
jet recording head for ejecting each of the inks supplied from the ink container portion by applying energy to the inks, 
wherein the ink set is the aforementioned ink set. 

[0021] According to still further aspect of the present invention, there is provided an ink for ink-jet comprising: (a) a 
polyvalent metal salt, (b) a material selected from the group consisting of acids including amino groups and salts 
thereof, (c) a coloring material, and (d) a liquid medium. 

[0022] Further objects, features and advantages of the present invention will become apparent from the following 
description of the preferred embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig. 1 is a vertical sectional view of an embodiment of a recording head of an ink-jet recording apparatus 
according to the present invention. 

[0024] Fig. 2 is a horizontal sectional view of an embodiment of a recording head of an ink-jet recording apparatus 
according to the present invention. 

[0025] Fig. 3 is an external perspective view of a head in which the recording head according to the present invention 
as shown in Fig. 1 is multiplied. 

[0026] Fig. 4 is a schematic perspective view of an embodiment of an ink-jet recording apparatus according to the 
present invention. 

[0027] Fig. 5 is a perspective view of the internal configuration of an embodiment of an ink cartridge. 
[0028] Fig. 6 is a perspective view of an embodiment of a recording unit. 
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[0029] 


Fig. 


[0030] 


Fig. 


[0031] 


Fig. 


[0032] 


Fig. 


[0033] 


Fig. 


[0034] 


Hg. 


[0035] 


Fig. 


[0036] 


Fig. 


[0037] 


Fig. 


[0038] 


Fig. 
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ing portion in which a plurality of recording heads are arranged. 



ity ot recording heads are arranged, 
present invention. 



to 

oraing method according to an embodiment of the present 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] The present invention will be explained below in detail using preferred embodiments. 
First Embodiment 



[0040] In accordance with a preferred embodimenl of the present invention, recording is performed by applying- (1 ) 
a l.qu.d compos*™ composed of (a) a polyvalent metal salt, (b) a material selected from the group consisting of acids 

co ^LT7 h 9 TT d r' tS ther60f ' (C) 3 ' iqUid m6diUm; and < 2 > a COlor ink ° n a ^"fl medium so ast 
2 ? , , T C 7 P ° Siti0n P ref erab| y does not the color tone of the color ink in a recording image. 

[0041] The (a) polyvalent metal salt will be described. Examples of suitable polyvalent metal salts include, magnesium 

exLmole Z " 1 h '"T ^ ^ ™ C ^ a,U ™»™ SaltS ' etC - ° f a 'ids, for 

S T" C 9Cid ' ° r9aniC 3CidS ' f ° r eXamp ' e > aCetiC acid and hydroxycarboxylic 
ZlZ P V Ph f ° Sphate - f m ° n 9 these Po'^alent metal salts, those having a high solubility relative to the liquid 
medium such as, for example magnesium salts and calcium salts of nitric acid, magnesium salts and calcium salts of 
p'ory" p a nospr,T~ f a eL and Ca ' CiUm Sa ' tS ° f h ^ Ca ^VHc acid, and magnesium salts and calcium salts of 
30 [0042] Regarding the aforementioned hydroxycarboxylic acid, suitable examples include, aldaric acids (polyoxydicar- 
boxyhc acids), e.g., lact.c acid, ma.ic acid, citric acid, and tartaric acid, and aldonic acids, e.g., gluconic «£ Among 

TsaZZr^lT^ 8CidS ' P0,yVa ' ent m6tal S3ltS ° f a ' d0niC addS ' WhiCh h3Ve SUperi ° r S0 ' Ubi,it V a " d ■** degree 
[0043] The polyvalent metal salts of aldonic acids will be described in more detail below. The aldonic acids are 

3 h C ° r T P ° ndi K? 10 a ' d0SeS " WhiCh a,d6hyde gr ° upS have been oxidized to carboxylic glps 

^lum etf Z fl .H S P ° lyValent m8tal Sa ' tS by b ° nding With metal ions of magnesium, 

calcium, etc the aldonic acids are appropriately used as constituents of the liquid composition according to the presen 
invention. The aldonic acids are represented by the following general formula. omgioine present 



COOH 

I 

(*CHOH) n 
CH 2 OH 



mn^ Wh A er ® ,n n des '9 nat es 0 or a positive integer and *C designates an asymmetric carbon atom ) 

The 1 1 deS H Cribed abov6 ' SinCe the ald ° nic acids have asymmetric carbon atoms, there are many optical isomers 

The aldomc acids having 5 or more camons (in the aforementioned general formula, n is 3 or more) are hardly present 

2£I^TT T? ' 11 " SaiC ? at ' USUa " y ' 3 Part ° f the a ' d0niC aCidS f0rm ,actones with V^or 8-hydroxyl groups 
and become y-aldonic lactones and 5-aldonic lactones, respectK,e.y, so as to present as a ternary equilibrium mixture 

l a n d ioned a nlt: r "L"r ■ a " d 5 - aldonic lactones - Like ^. *• a.donic acids having 4 carbons (in the afore- 

1! f ' n ,S 2) are hard ' y preS6nt al ° ne in aaueous solutions 11 is that, usually, a part of the 

a dome acids form lactones with y-hydroxyl groups, and become respective y-aldonic lactones, so as to present as a 

binary equilibrium mixture of aldonic acids and raldonic lactones. 
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[0045] The aldonic acids are classified based on the number of carbons they contain. The aldonic acids having 4 
carbons (in the aforementioned general formula, n is 2) are collectively called tetronic acid, the aldonic acids having 
5 carbons (in the aforementioned general formula, n is 3) are collectively called pentonic acid, and the aldonic acids 
having 6 carbons (in the aforementioned general formula, n is 4) are collectively called hexonic acid. Specific examples 

5 of the aldonic acid include, for example, glycolic acid (sometimes called hydroxyacetic acid) having 2 carbons (in the 
aforementioned general formula, n is 0), glyceric acid having 3 carbons (in the aforementioned general formula, n is 
1), erythronic acid and threonic acid having 4 carbons (in the aforementioned general formula, n is 2), ribonic acid, 
arabonic acid, xylonic acid : and lyxonic acid having 5 carbons (in the aforementioned general formula, n is 3), gluconic 
acid, allonic acid ; altronic acid, mannonic acid, gulonic acid, idonic acid, galactonic acid, and talonic acid having 6 

10 carbons (in the aforementioned general formula, n is 4), and glucoheptonic acid having 7 carbons (in the aforemen- 
tioned general formula, n is 5). Further and some of these may have each of D body, L body, and DL body. 
[0046] Among the aldonic acids suitable as constituents of the liquid composition according to the present invention, 
especially preferable is gluconic acid (in the aforementioned general formula, n is 4) which will be described. Gluconic 
acid has been widely used as a food additive, and it is harmless to the human body. Gluconic acid rarely present alone 

15 in aqueous solutions. It is said that, usually, a part of gluconic acid form lactones with y-or S-hydroxyl groups, and 
become y-gluconic lactone and 5-gluconic lactone, respectively, so as to present as a ternary equilibrium mixture of 
gluconic acid, y-gluconic lactone, and 5-gluconic lactone. Regarding gluconic acid, there are D body, L body, and DL 
body, and any of these can be used, although D-glucose, which is D body, is generally easily available. There are, for 
example, allonic acid, altronic acid, mannonic acid, gulonic acid, idonic acid, galactonic acid, and talonic acid, as optical 

20 isomers of gluconic acid. Since these exhibit characteristics similar to those of gluconic acid, these may be used. 

[0047] As the polyvalent metal salt of the aforementioned gluconic acid, magnesium gluconate, calcium gluconate, 
barium gluconate, iron(ll) gluconate, copper(ll) gluconate, etc., may be used, although the use of magnesium gluconate 
and calcium gluconate is preferred. Further, these compounds can be used alone or at least two of these can also be 
used concurrently. 

25 [0048] The polyvalent metal salt of polyol phosphate will be described. Examples of suitable polyol phosphates in- 
clude, for example, phosphate of polyol, monosaccharide, oligosaccharide, and polysaccharide, can be mentioned. 
Specifically, for example, glycerophosphoricacid, glucose-1 -phosphate, glucose-6-phosphate, mannose-6-phosphate, 
galactose-6-phosphate, fructose-6-phosphate, glucose-1 ,6-diphosphate, fructose-1 ,6-diphosphate, ascorbic acid 
phosphate, sucrose phosphate, sorbitol phosphate, phosphorylated polyglycerin, and phosphorylated polyethylene 

30 glycol. 

[0049] Among these, glycerophosphoric acid is preferable in the present embodiment, and will be described. Re- 
garding glycerophosphoricacid, there are isomers, that is, oc-glycerophosphoric acid and p-glycerophosphoric acid. In 
the present invention, either isomer can be used, and a mixture of the isomers may also be used. Suitable polyvalent 
metal salts of these glycerophosphoric acids include, for example, magnesium glycerophosphate, calcium glycero- 
ls phosphate, barium glycerophosphate, iron(ll) glycerophosphate, and copper(ll) glycerophosphate. In particular, it is 
more preferable to use magnesium glycerophosphate and calcium glycerophosphate. 

[0050] In the liquid composition according to the present invention, the total content of at least one compound selected 
from the aforementioned polyvalent metal salts is preferably 0.005% to 20% by mass based on the total amount of the 
liquid composition, more preferably is 0.05% to 12% by mass based on the total amount of the liquid composition, in 

40 order to achieve superior effect of reducing the bleeding and superior durability of the head. 

[0051] Next, (b) a material selected from the group consisting of acids including amino groups and salts thereof, 
which constitutes the liquid composition according to the present invention, will be explained. Suitable acids including 
the amino group include, for example, amidosulfuric acid (sometimes called sulfamic acid), aminomethanesulfonic 
acid, taurine (sometimes called 2-aminoethanesulfonic acid), carbamic acid, glycine, alanine, p-alanine, aspartic acid, 

45 glutamic acid, sulfanilic acid, phenylalanine, leucine, isoleucine, threonine, tryptophan, valine, methionine, lysine, and 
arginine. 

[0052] Among these, from the viewpoint of solubility relative to the liquid medium and available ease, it is preferable 
to use amidosulfuric acid (sulfamic acid), aminomethanesulfonic acid, taurine (2-aminoethanesulfonic acid), carbamic 
acid, glycine, alanine, p-alanine, aspartic acid and glutamic acid. 

so [0053] When the aforementioned salts of the acid including the amino group are used, commercially available salt 
compounds may be used, and organic acid salts formed by addition of alkali may be used. Suitable alkali agents 
include, for example, lithium hydroxide, sodium hydroxide, potassium hydroxide, aqueous ammonia (or ammonium 
hydroxide), magnesium hydroxide, calcium hydroxide, and organic amines (for example, triethanolamine, dieth- 
anolamine, monoethanolamine, dtisopropanolamine, triisopropanolamine, tetramethylammoniumhydroxide, tetraethy- 

55 lammoniumhydroxide, and tetra-n-propylammoniumhydroxide). These compounds can be used alone, and at least 
two of these can also be used concurrently. 

[0054] The total content of the aforementioned materials selected from the group consisting of acids including amino 
groups and salts thereof in the liquid composition is preferably between 0.005% to 20% by mass based on the total 
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can Soused, and ttfoSing !^ t.TST 9 ™ P ' 9mentS ' Pi9mGntS ' ^ **> ^ 

Carbon Black 

O.I. Pigpen. Yellow 1, 2,3, 12, 13.14, 16, 17,73, 74, 75.83, 93, 95.97,98, 114. 128, 129 151 154 and195 

c c :l: ZZ lt\ \ tSXSZSStr-'** »*■ «• «• <«. «~ ,95 ' 

C.I. Vat Blue 4 and 6 

■Ml 

compound, loao.^o^^ 
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Example Compound 1 

MOOC 




Example Compound 3 




(Wherein M designates an alkali metal, an ammonium, or an organic ammonium.) 
Example Compound 4 




(Wherein M designates an alkali metal, an ammonium, or an organic ammonium.) 
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Example Compound 5 



MOOC 



OH 



MOOC 



dia 



^ N=N ( ( ) ) — N=N 

^S0 3 M 

(Wherein M designates an alkali metal, an ammonium, or an organic ammonium.) 



■ NH, 



Example Compound 6 



HOOC 



CH, 




HOOC"^ \ 



HOOC. ^P 3 



011 CH 2 CH 2 NH 
CH 



° N 'Q^ — NHCH 2 CH 2 OH 



HOOC (frx \ 

Example Compound 7 CH 2 CH 2 NH 



HOOC 

HOOC 
HOOC 

HOOC 



OCH 3 
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OCH 3 N ^^~ 
NH 



NHCH,CH 2 0H 
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Example Compound 8 

HOOC- 

HOOC 



CH 3 




OH X CH„( 



S CH 2 CH 2 NH-^(^)N 



NHCH,CH,OH 



HOOC 



HOOC 



*9 

N— ^ 

OH CH 2 CH 2 NH-(Q N 
N = N — / \= 0 NHCH 2 CH 2 OH 

CH 3 
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Example Compound 10 

HOOC \_ °\ 3 

" HOOC^ ?P} 

HOOC / 



HOOC ^ N Q V-N(CH 2 CH 2 OH), 




NHCH 2 CH 2 OH 

y f \ — N — ( 

HOOC^ y.- \ 



CH 

20 Example Compound 11 
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Example Compound 12 
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Example Compound 13 
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Example Compound 14 
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Example Compound 15 




Example Compound 16 
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Example Compound 19 
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Example Compound 21 
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Example Compound 22 
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NH 
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Example Compound 23 
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Example Compound 24 
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NHCH 2 CH 2 OH 
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Example Compound 25 
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Example Compound 27 
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Example Compound 29 
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deionized water rather than common .JL :Zu I 9 ent embodlmer >t, « is preferable to use 

range o, 35 % to 9a*VSS3 ~ 22o^"Z; ^ ^ " "* ^ " ""-** ^ 

fo°r°!si, ^^^nsr^ r rsrr vis r ity of ,he ink at a preferabie *— * — * 

Cogs of the nozzle of the record ng head ^ZZS^ZSlZ of the'" 9 , ' ^ ^ " ^ P™^'" 9 
organic solvents include, for example alky" ^XnTfSTZ 1 9 ^ SUitat> ' e ™ ie ™^ 

a.coho,,sopro Py ,a,coho,,n-but y ,rohol^ 

e.g. , dimethylformamide and dimethylacetamide LoneTnr SJ ! , h °'' 3nd n -P entano '. abides, 

e.g., tetrahydrofuran and dioxan TSS^^^S^^ * 9 ' aCet ° ne a " d diaCet ° ne a ' C ° ho1 ' ethers < 
tetraethylene g.yco., propylene giyco ^ 

glycols in which alky.ene group has 2 to 6 ca*on atoms i n 2* iene ^- a " d Polypropylene glycol, alkylene 
triethylene glycol and 1 2 6-hexanI triol f t T?" y ' ene 9 ' yC01 ' P ro Py |en e glycol, trimethylene glycol 

ethy.eneglyi^ 

omethyl(or ethyl) etheTTower d2 ethers o Svdrf f . ™™ met W° r ethvl > e ^er, and triethylene g.ycol mot 
tetraethy.ene glycol d meZfo T^LTe^^liZ^ ' ^ 9,yC °' dimeth VKor ethyl) ether and 

anolamine, su?<Le, ^S2S^SS£S 2 oyrro Z e and 7 n °f anolami ^ diethanolamine, and trieth- 

sSity oHh r fd ^ ^trTj^^r^" 9 S ,he k PreSe " emb ° diment C — S ° aS <° — ««» the 
Suitable P H regulators SdeTor eSSle SET f*?' re9U ' at ° r may be COntained in the c °'°r ink. 
ide, andammonium hySd su fates e a' kSZS^ 9 "' "r^*^' S ° diUm hydr ° Xide > P otassium W™- 

carbonates, e.g., lithium ^ 

hydrogencarbotte, -m^lu^i^ *»?r m P ° taSSiUm 

stable, to increase dissolution stability of the water slhl^ tn h J J 9roUP ' ° rder t0 keep the P H 

clogs of the nozzle, etc., these P H ^^^S^^S^S £ to wT' ^1° T"* Pr ° b ' emS * 
by 1% to 8% by weight. preferably by 0.1 /„ to 10% by weight, and more preferably, 

EithTadd^o T.TZ^^^Xn^ PrGSent emb ° diment and ^ CO ' 0r ^ USSd ^ 
for example, viscosity f^^^S^^T' T Var '° US PUb ' iC ' y kn ° Wn and COmmon additive *. 
noz 2 ,e fmm drying, in^tS^^^^^ 3 """^ anti '° amerS ' ^ ™ «*« - 

^co^^^^ aCCOrdin9 <° «» t embodiment 

i s 4 to10,hesurfacete 9 nsionis h ^ 
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The viscosity is preferably 1 to 30 cps, and more preferably, is 1 to 10 cps. 

[0067] Regarding the ink-jet recording method according to the present embodiment, the liquid composition having 
the aforementioned configuration and the color ink are concurrently used, and these are applied on a recording medium 
while contact and reaction occur therebetween, so as to perform the recording. The recording medium used at that 
5 time is not specifically limited. However, the ink-jet recording method according to the present embodiment is especially 
suitable for conventionally used so-called plain papers, such as copying papers and bond papers, because reducing 
effect on bleeding is remarkably exhibited when images are formed on these papers. 

[0068] The ink-jet recording method according to the present embodiment is a method in which the ink is ejected by 
applying energy for ejection to the ink so as to record the image on the recording medium. In particular, regarding the 

10 ink-jet recording method in which thermal energy is used for ejecting the ink, when the image is formed using the 
recording method according to the present embodiment, superior prevention of so-called kogation can be achieved. 
As the ink-jet recording method using thermal energy, for example, so-called on-demand type bubble-jet method, in 
which liquid droplets are ejected using bubble generated by thermal energy, may also be used. 
[0069] In the ink-jet recording method according to the present embodiment, regarding the order of application of 

15 the liquid composition and the color ink on the recording medium in forming the image, the liquid composition may be 
ahead of the color ink, or the color ink may be ahead of the liquid composition, as long as the liquid composition having 
the aforementioned configuration and the color ink are concurrently used, and these are applied on a recording medium 
while contact and reaction occur therebetween, so as to perform the recording. That is, in the present embodiment, 
regardless of the order and method of application thereof, by applying the liquid composition on the recording medium, 

20 while being contacted with the color ink, excellent print quality and improved: fixation; water resistance; and prevention 
of bleeding of the image formed by the color ink are achieved. It is believed that the reason for these results include, 
inter alia, that the polyvalent metal ions in the liquid composition and pigments and dyes in the color ink are mixed on 
the recording medium so as to cause coagulation, precipitation, or increase in viscosity of the color ink. 
[0070] In particular, from tho viewpoint of further improvement of image density and fixation property, for example, 

25 it is more preferable to apply the liquid composition after application of the color ink, and subsequently, to further apply 
the color ink. The color ink may be applied on the recording medium after application of the liquid composition, and 
subsequently, the liquid composition may be further applied. 

[0071] In the case where the application of the liquid composition is ahead of the application of the color ink, the time 
interval between the adhesion of the liquid composition on the recording medium and the adhesion of the color ink is 

30 not specifically limited, although, in order to make the present invention further effective, it is preferably within a few 
seconds, and more preferably, is within one second. This may also be applied to the case where the application of the 
liquid composition and the application of the color ink are performed on the recording medium in reverse order. Fur- 
thermore, as shown in Fig. 1 6 : each of the liquid composition 804 and the color ink 805 may be ejected from respective 
recording heads 801 and 802 of the ink-jet recording apparatus, and immediately after the ejection, these may be 

35 mixed 806 and applied on the recording medium 803. 

[0072] As described above, according to the ink-jet recording method of the present embodiment, regardless of the 
order and method of the application of the liquid composition and the color ink, by concurrently applying the liquid 
composition composed of specified components according to the present embodiment and the color ink used together 
therewith on a recording medium, excellent print quality, and improved fixation : water resistance of the image formed 

40 by the color ink, and prevention of bleeding during formation of the color image. It is believed that these advantages 
because polyvalent metal ions contained in the liquid composition and pigments, dyes, or pigments and dyes in the 
color ink are mixed so as to form coagulates, and as a consequence, the aforementioned superior effects are achieved. 
[0073] In the ink-jet recording method according to the present embodiment, when the liquid composition and the 
color ink are applied on the recording medium and recording is performed by the aforementioned method, in the image 

45 formation region, the ratio of the application quantity of the color ink to that of the liquid composition per area of the 
recording medium may be 1 : 1 , although the ratio of the color ink to the liquid composition may be 1 0 : 1 to 1 0 : 1 0. 
Herein, the control of the ratio of the application quantity of the color ink to that of the liquid composition per area of 
the recording medium can be performed by various methods including, for example, a method in which when the 
application of the liquid composition and the color ink on the recording medium is performed by the ink-jet recording 

50 method, the number of pixels of the liquid composition to be adhered on the recording medium is controlled in the 
range of 10% to 100% of the number of pixels of the color ink to be adhered on the recording medium, a method in 
which when the application of the liquid composition and the color ink on the recording medium are performed by the 
ink-jet recording method, the ejection quantity of the liquid composition is controlled to be smaller than the ejection 
quantity of the color ink so as to make the number of pixels of the liquid composition to be adhered on the recording 

55 medium in the range of 10% to 100% of the number of pixels of the color ink to be adhered on the recording medium, 
or a method which is combination of the aforementioned methods. 

[0074] The ink-jet recording method according to the present embodiment and the ink-jet recording apparatus ap- 
plying this method will be explained below in further detail. In the ink-jet recording method according to the present 
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* ,o «r ■* - - - - — y ^ so as 

the present embodiment and the color ink on ^^ ^^T^^ COm P osition ^ding ,o 
conventional ink-jet methods such as, for example i^Lf TZ"*" 9 meth ° d ' Various P ublicl V kn °wn 

* formation of a piezoelectric element, can b usT Howeve'rt is ore tl.Tf " USinQ meChaniCa ' 6ner9y dtJe t0 de " 
mk is ejected by the application of thermal energy Preferable to use an rnk-jet recording method in which 

res IS tance of records, the color ink and the liquid como^n ™ 9 dlfferBnt C °' 0rs and t0 im P rov * water 

" and therma, energy is used to eject ^ 8rS USed Currently, 

be effectively prevented by the ink-jet rBcJrtrnr^Jj^nSSf ' ma9e ^ this, can 

position according to the present embodiment ^T.nTnS V embodiment in wh *<* the liquid corn- 

together with the co.or ink in order to prevent bleedfnq and to So" ! C ° nV t ent, ° nal method - wh «n the solution used 
ejected from the recording head, sometimes the outermost ? rf P W8ter res,stance of records was repeatedly 
- metal oxide, for example, made of at ^3^^™".^™* ° f at least one of metal or 
substrate) for app.ying therma, energy was °" heater < heater element 

eject.on became impossible, and koqation occurred on Z h!^ P V 9 ' breakS ln the heater courted so that 
these Problems are effective , y pre r~S:S° " t0 ^ qUa ' i,y ° f th6 1M imaQe - however, 

storage portion storing the co.or ink, and an in • tet rSinthSd thT" T" 9 ^ com P° si «°n. a color in? 

color ink. As described above, a preferable JmLS^S^^^^^ ° f *• " qUid c ™P°*«on and the 
color ink by function of thermal energy, and which ^ an nk L ^ * ^ thS ' iqUid com P°«ition and the 
recording including a heater in orderto apply the ma lone™ J?? Pr ° Vided With 9 head for ink Jet 

introduced from the aforementioned liquS I Z „? ? ^ '' qU,d com P os *™ and the color ink in the flow path 
applying an electrical pulse signal S^S^TES retTJ^ ^ ^ P ° rti ° n a " d a device *>' 
which is an ink-jet recording apparatus where^ne T^Ln^T \ Q ? r9C ° rding infor ™tion, and furthermore, 
containing at least one of am eta, and TmeTal I oxS TlnTZ , If ^ a " ° U,enT10St surtace Potion 'aye 
and tantalum oxide in an embodiment ^^^^2^ t T" ^ ^ 0Xide m 

markably exhibited. J recording apparatus, the effects of the present invention are re- 

[0077] Furthermore, it has been observed that when the ink i«t ra , ■• 

an energy E op , which is input into the heater in orde to efemhe . ^ " T^" '* *° that the ratio ° f 

which is necessary for the heater to eject the inkfrom ^ZaT^^T * l" 6 ™™ ene ^ '"put E,, 

recording head that is a part of an ink-jet recording ann!lt? draWmgs u F ' 9 - 1 and Fl 9' 2 show an embodiment of a 
recording head 13 along an ink flow pa h Ffc2 a TZ^XXST* ^ ^ ' * * S * M view of a 
1 • The head 13 is produced by adherina a alass otl^l , , SeCt '° n indicated b V line ■< '> shown in Fig 

(nozzle) 1 4 for ink and a heater etZLuSlTXe iST P ° lySU,,0ne ' or ^ b °ard, etc., having a flow path 
layer 16-1 made of silicon oxide, ^^^J^^^^ 15 iscomposed of: (1)* protection 
made of metal, such as, for example olatinum or « mff=i V ' ( ) " outermost sur face protection layer 16-2 
made of tantalum or tantalum ox^etc rodes vT^TzZl^ ° XidS ' *^ 

copper alloys, etc, (4) a heating resis o layer 1 8 made of a ■ Jta l?t ■ eXamP ' e ' aluminum . 9°^, aluminum- 
boride, tantalum nitride, tantalum-aluminum etc £ ^a heS ? P«""t material, such as, for example, hafnium 

t.y n is ,.pidly healM. ,„d , bubble i, generated in L . 1 1"™"" """""* 15 <B " ,e " taa "»' M 

23 i. extruded due ,e the pr.eeur. thereof „„„ ,h. "a Z . 9 T 5urfa " Subsequent!),, . 

meniscus 

ink droplets 24 from an ejection orifice 22 toward a rocofdina * 14 ° f the head " and tra vels as 

embodiment of a mu,tihead in which muWph^^nX^lSS o^" h View of an 

—dbyadheringag.assboard^ 

Quantity of Energy Applied to Heater 

t 00», N -'»--"-«-xp,.,„. d .n, erva , uefe , |Morrepresenlin9a ^ 
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critical energy which is minimum energy required of the bubble-jet head for ejecting the ink or the liquid composition. 
That is, input energy E is represented by the following formula (A) using a width P of a pulse applied to the bubble-jet 
head (when a plurality of divided pulses are applied, total width is used), applied voltage V, and resistance R of the 
heater, 

5 

E = P x V 2 /R (A) 

[0081] At this time, the r value is determined by the following formula (B) from the minimum energy E th> which is 
10 necessary for the heater to eject the ink or the liquid composition from the bubble-jet head, and the energy E op> which 
is actually input in order to drive, 
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r=E op /E th (B) 

[0082] As the method for determining the r value suitable for, for example, ejecting the liquid composition based on 
the driving conditions of the bubble-jet head, the following two methods (1) and (2) are performed in practice. 

(1) When pulse width is fixed 

[0083] A voltage suitable for ejecting the liquid composition from the bubble-jet head is determined using the specified 
pulse width, and ink ejection is started by driving the heater. Then, the voltage is gradually reduced to find the voltage 
at which the ejection stops, and the voltage immediately before the voltage at which ejection stops is assumed to be 
the minimum voltage V th at which ejection is possible. When the voltage actually used for driving is indicated by V op , 
the rvalue is determined by the following formula (C), 

r=(V op A/ th ) 2 (C) 

(2) When voltage is fixed 

[0084] A pulse width suitable for ejecting the liquid composition from the bubble-jet head is determined using the 
specified voltage, and ink ejection as started by driving heater. Then, the pulse width is gradually reduced to find the 
pulse width at which the ejection stops. The pulse width immediately before the pulse width at which ejection stops is 
assumed to be the minimum pulse width P th at which ejection is possible. When the pulse width actually used for driving 
is indicated by P op , the r value is determined by the following formula (D), 

r=P op >Pth (D) 

[0085] Herein, the voltage is a voltage actually applied to the heater portion in order to heat the bubble-jet heater. 
Since the voltage applied from the outside of the head may be reduced due to contact and wiring resistance, etc., it 
cannot be used for calculating the r value in the strict sense. However, when V th and V op are measured from the outside 
of the head, since both measured values include the aforementioned voltage variation, even if these values are directly 
used for calculating the rvalue, error is small, as long as the voltage variation is not large. Therefore, these values can 
be used as the r value for convenience sake. 

[0086] When recording is performed using a practical printer, since a plurality of heaters are driven, it must be noted 
that a voltage applied to one heater may vary as a result of variations between the individual heads. 
[0087] From the aforementioned formulae (A) and (B), when the r value is the same, the square of V and P seem to 
be in inverse proportion, although, in practice, since there are electrical problems in that a pulse shape does not become 
rectangular, etc., thermal problems in that when pulse shapes are different, thermal diffusions in the periphery of heaters 
are different, etc. : and problems specific to bubble-jet in that when voltages are different, heat fluxes from heaters to 
inks are different so as to cause variation in the states of bubbling, etc., the square of V and P are not in a simple 
relationship. Therefore, the methods described in the aforementioned (1) and (2) must be treated independently. It 
must be noted that conversion of one value to another value by calculation may cause an error. In the present invention, 
the rvalue was determined by the aforementioned method (1), unless otherwise specified. 

[0088] In order to stably eject Ihe ink and the liquid composition, it is general to drive under conditions where the r 
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value determined as described above is in the range of about 1 1? t« 1 os u 

composition according to this embodiment of the present embodiment . ZT™' the Case where the lk 1 uid 
Plication of thermal energy, by driving while the r vT<f J , emb ° dlment ls e J ected fr °m the recording head due to ap- 
to 1 .90, adhesion of kogation due to The e/ec!ion of the ^ range ' Specifica,, y- in *• range of 1 . 10 

consequently, the life span of recording head cfn be furthir^w Tr' 1 ' 0 " t0 thS he8ter is further P^ted, and 
[0089] Although the specific reasons elTsZ ^^ ^ ^ S ° that thiS Case is Parable, 
consequently, the life span of rZZ^lZln6eCZ T ^ ^ eSPeCia " y P revenle * 
present embodiment is ejected from Sl^S^.^^J^ ^T™ to the 

aforementioned range, are not certain, it is believed that bv driSSn 2,7 T , Wh " e the rvalue is in the 

f«rt. at least one of acids including amino groups an salt therLo 9 , the f. value is the aforementioned range, 
the present embodiment protects L outeZst Lrf^e om JZ T I " dUid com P°s»ion according to 

metals and metal oxides thereof conrtitS^J^S^iST T * reSUlt that er ° Si ° n of at ,east * 
since the surface temperature of the heater 7s not Zrll T P 0n laver 13 Actively prevented, andsecond 
heater, erosion (dissolution) cX^^^^SS^^ *T l ° 6XCeSSive - energy to the 

composition used in order to prevent o~urrenTo, ^^SSS^S^SSffT ^ ^ *" ^ 

does not excessively occur bleeding and to improve water resistance of records 

--US";™ 

nolding member so 

head 65, and in the embodiment as .ho^ ^3^1 SS'bT? * " r6C ° rdin9 re9i0n f0r lhe recordi "9 

of the recording head 65. 9 ' the b ' ade 61 ,s held Protruding into the path of the movement 

EK* i c z ^:^:^™-^™^« - ■ r - - - home po Siti0 n 

recording head 65 and contacts the ejection outlet Leo so as toTJ f ° f the movement ° f the 

4 is deployed adjacent to the blade 61 anft .. k. w . " P°™rrn capp,ng. Ink absorbent 63 as shown in Fia 
in a manner similar to that of the blade 61 H—u.ng into the path of the movement of the recording head 65 

SS^fiS S:^^^^^ «~ « ■ -P «■ - * absoment 63, 

[0093] The recording head 65 has l^^on enl^Z TT *? b ' ade 61 a " d * e ink absoroe " t 
medium facing an ejection outlet face ST W TZSoTZVt7ZT ^ "* t0Ward the reCOrdin 9 

has a recording head 65 mounted on it so as to cZ the rdino h^J a* tL° Perf ° rm ^ reC ° rding - A carria 9 e 66 
shaft 67, and a par, of the carriage 66 connects vZ St 69 Sen Sam t « T 66 SHdably 6ngages a 9uide 
Accompanying this, the carriage 66 can move a7on^he QU 1 Zft «f ?' a ' th ° U9h n0t Shown in the """"tag. 

to the recording region and the region adjacent thereto ' 3 heref ° re " th6 reCOrding head 65 ca " ™«i 

Eg. A^d*^ d "Ven by a motor, which is not shown in the 

recording head 65, and is discharged to a ^^S^f? TT" *• ej£Cti ° n 0Utlet face ° f th. 
Regarding the aforementioned c^r^^^^^ * * 9 * 53 dUring the r6Cordin 9- 

with the completion of the recording the b\adT 6 TorlZ^ ^ 1 i r9,UmS t0 the home P° sition j " accordance 
whiie the cap 62 in the head recovery portion 64 recedes f mm he 21 */? m ° Vemem ° f the reC ° rdiflg head 65 - 
ejection outlet face of the recording head 65 is wiped P * movement - As a consequence, the 

srs mT^pSrss: pK^r^r^ h r 65 in order to — c — - 

moves from the home position to the recording start posmon ca T^ ^ 65 " Wh6n the recordin 9 he ad 65 
position as that in the aforementioned wiping As a ^nseauen^ th ? r ^ 61 3re '° Cated at the same 

a.so wiped during this movement. The receding hea ° f the rSCOrdin 9 head 65 is 

recording and .he ejection recovery. In addition to Ms when the Zr 1 1?" * ^ tim6 ° f ,he C ™W™ °< the 
recording, the recording head moves to the home '« 

anin^upp^ymem^sucr^re^ 

be, for oxampie, an ink bag having a rZtVoX^axZ ond'rh T ^ 4 ° St ° rin9 thS SUpP ' y ° f ink ^ 
a needle, (not shown in the drawing) insertedTo ht To T . ' ^ lnk bag 40 Can bo fed to the head by 

of the ink storage portion contacting the TquTd 1?^^!^? f 44 r6 ° eiVeS the WaSte ink ' The ^ 

[0097] The ink-jet recording apparatus TccZina tlt^ n T P ^ 3nd m ° re preferab| y PoV«hylene. 
ink-jet recording apparatus in which the he" L d °t e nk ^rfdlTrff ""l h ^ ""^ * 
apparatus in which the head and the ink cartridge are intL^aS h S6parated ' and ma y be an ink-jet recording 
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as ink droplets from a head portion 71 including a plurality of orifices. A preferable material for use as the ink absorbent 
is, polyurethane. A configuration in which the ink storage portion is an ink bag provided with a spring therein instead 
of the ink absorbent may be adopted. The inside of the cartridge is communicated with air through a ventilation hole 
72. This recording unit 70 is used instead of the recording head 65 as shown in Fig. 4, and can be freely attached to 

5 or detached from the carriage 66. 

[0098] When a color image is formed by the ink-jet recording method according to the present embodiment, for 
example, a recording apparatus in which five recording heads as shown in Fig. 3 are arranged on a carriage is used. 
Fig. 7 shows such an embodiment. Recording heads 91 , 92, 93, and 94 eject yellow ink, magenta ink, cyan ink, and 
black ink, respectively. A head 95 ejects the liquid composition. These heads are deployed in the aforementioned 

10 recording apparatus, and eject each of inks responding to recording signals. The liquid composition is, for example, 
adhered to at least the image formation part of the recording medium on which the inks are adhered prior to the ejection 
of each of color inks. 

[0099] Fig. 7 shows an embodiment using five recording heads, although it is important to note that the present 
invention is not limited to this, and, as shown in Fig. 8, it is also preferable to eject yellow 101 , magenta 102, cyan 103, 
is black 104, and liquid composition 105 from one recording head by separating liquid flow paths. The heads may be 
arranged so that the recording order of each ink and the liquid composition becomes the reverse of the aforementioned 
order. 

[0100] As examples of specific arrangements of the ink-jet recording head appropriately used in the present embod- 
iment, three configurations are shown in Figs. 9, 10, and 11 . In Figs. 9 : 10, and 11 , reference numerals 111 to 114 : 121 

20 to 124, and 131 to 134 each indicates recording heads for ejecting coloring inks of yellow (Y), magenta (M), cyan (C) 
and black (Bk), respectively. Reference numerals 115, 125 and 135 designate recording heads for ejecting a liquid 
composition (S). Each of the recording heads is arranged on the carriage in a general manner similar to that as shown 
in Fig, 7, although the arrangements are different depending on configurations. Each of the recording heads is deployed 
in the aforementioned recording apparatus, and ejects each of the color inks responding to the recording signal. The 

25 liquid composition is adhered to at least the image formation part of the recording medium, on which the color inks are 
adhered, prior to, or after, the ejection of the color inks. Each of the recording heads moves with the carriage in the 
direction indicated by an arrow (1), and the recording medium moves with feed roller, etc., in the direction indicated by 
an arrow (2). 

[0101] In a first configuration example, as shown in Fig. 9, recording heads S(115), Bk(114), C(113), M(112) and Y 
30 (111) are arranged on the carriage in parallel. In a second configuration example, as shown in Fig. 10, the recording 
heads for the liquid composition(125) and the black ink(124) are arranged in parallel, and recording heads C(123), M 
(1 22), and Y(1 21 ) are arranged in series with each other, and in parallel to the aforementioned recording heads. Herein, 
the ejection volume of each of the recording heads per 1 dot is not necessarily the same. The ejection volume (Vd) of 
each of the recording heads per 1 dot may be controlled depending on a composition of the liquid composition, etc., 
35 so that optimized recording is performed. Preferably, the recording heads S, Y, M, and C have the same Vd, and the 
Vd of the recording head is specified to be twice larger than that, although not limited to this. In a third configuration 
example, as shown in Fig. 11, recording heads Bk(134), S(135), Bk(134), C(133), M(132) : and Y(131), each having 
the same ejection volume, are arranged in parallel on a carriage, and therefore, the ejection quantity of the black ink 
can be twice as much as the ejection quantity of the liquid composition and each of the color inks. In the configuration 
^0 example shown in Fig. 1 1 , the ejection volume (Vd) of each of the recording head S, Bk, Y, M, and C is not necessarily 
the same. 

[01 02] As described above, in the present embodiment, the ratio of the application quantity of the color ink. especially 
magenta ink, to that of the liquid composition per area of the recording medium may be 1 : 1 in the image formation 
region, although the ratio of the color ink to the liquid composition may range between 10 : 1 to 10 : 10. Herein, the 

45 control of the ratio of the application quantity of the color ink to that of the liquid composition per area of the recording 
medium can be performed by, specifically, for example, a method in which the number of pixels of the liquid composition 
to be adhered on the recording medium is controlled in the range of 10% to 100% of Ihe number of pixels of the color 
ink to be adhered on the recording medium, a method in which, regarding the application of the liquid composition and 
the color ink, the ejection quantity of the liquid composition is controlled to be smaller than the ejection quantity of the 

50 color ink, or a method in which the aforementioned methods are combined, so that the number of pixels of the liquid 
composition to be adhered on the recording medium is controlled to be in the range of 1 0% to 1 00% of the number of 
pixels of the color ink to be adhered on the recording medium, and the ejection quantity of the liquid composition is 
controlled to be smaller than the ejection quantity of the color ink in the application of the liquid composition and the 
color ink on the recording medium,. 

55 

Second Embodiment 

[0103] As a second embodiment according to the present invention, an ink including a coloring material, a liquid 
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10108] Various publicly known conventional surfactants, such as for examole anionir *,.rf a „t Q „t« . • 
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black ink and the color ink : to effectively prevent the occurrence of white haze, and to keep ink ejection property and 
print quality excellent, the content is preferably within the range of 0.1% to 0.5% by mass based on the total amount 
of the ink, and more preferably, is within the range of 0.2% to 0.4%. 

[01 1 3] Herein, as the nonionic surfactant, it is preferable to use nonionic surfactants of higher alcohol ethylene oxide 
5 adducts, such as, for example, alkylphenol ethylene oxide adducts, aliphatic ethylene oxide adducts, polyhydric alcohol 
aliphatic acid ester ethylene oxide adducts, aliphatic amide ethylene oxide adducts, higher alkylamine ethylene oxide 
adducts, polypropylene glycol ethylene oxide adducts, polyhydric alcohol aliphatic acid esters, and alkanolamine 
aliphatic amides. More preferably, nonionic surfactants of higher alcohol ethylene oxide adducts, alkylphenol ethylene 
oxide adducts, ethylene oxide-propylene oxide copolymer, acetylene glycol ethylene oxide adducts, etc., can be used. 
10 The aforementioned ethylene oxides having the adduct mole number within the range of 4 to 20 are still more preferable. 
[0114] As the liquid medium used in the black ink and color ink constituting the ink set for ink-jet recording according 
to the present embodiment, the liquid composition in the aforementioned first embodiment, and water-soluble solvents 
which was explained above in detail as the liquid media included in the color ink used together with the liquid compo- 
sition, as well as additives, addition quantities, property values, etc., can be used. 
15 [01 1 5] The ink-jet recording method according to the present embodiment, and the ink-jet recording apparatus, which 
can realize the recording method, will be explained. 

[0116] In the ink-jet recording method according to the present embodiment, the ink is ejected due to application of 
energy for ejection to the ink so as to record the color image on the recording medium, and the aforementioned ink set 
for ink-jet recording according lo the present embodiment is used for the ink. 

20 [0117] The recording medium used in the present embodiment is not specifically limited. However, in the present 
invention, especially, conventionally used so-called plain papers, such as copying papers and bond papers, are pref- 
erable, because the reduced effect of bleeding is exhibited when images are formed on these types of papers using 
the ink set according to the present invention. The ink set for ink-jet recording according to the present invention can 
also be appropriately used for, for example, coated papers and OH P transparency films, which are specifically produced 

25 for ink-jet recording, and furthermore, that can also be appropriately used for common high quality papers and calen- 
dered papers. 

[0118] In the ink-jet recording method according to the present embodiment, as the method for applying the black 
ink and the color ink on the recording medium, a method, in which the black ink and the color ink are applied so as to 
contact with each other at boundary, can be used. 

30 [0119] As another embodiment, a method in which the black ink (1) and the color ink (2) are applied so as to super- 
impose on each other on the recording medium, and the application of the color ink on the recording medium is per- 
formed prior to the application of the black ink (hereafter called as under pick method) can be used. By performing the 
under pick method, the bleeding between the black ink and the color ink can be improved, and furthermore, the afore- 
mentioned white haze can be reduced. In the aforementioned under pick method, the time interval between the adhe- 

35 sion of the color ink on the recording medium and the adhesion of the black ink is not specifically limited, although, it 
is preferably within a few seconds, is more preferably within one second in order to make the present invention even 
more effective. In an alternate embodiment, the color ink is applied after the application of the black ink (over pick), or 
the color ink and the black ink are mixed immediately after ejection thereof as shown in Fig. 16. 
[0120] In the under pick method, the ratio of the application quantity of the black ink (1) to that of the color ink (2) 

40 per area of the recording medium may be 1 : 1 in the image formation region, although the ratio of the black ink (1) to 
the color ink (2) may be in the range of 10 : 1 to 10 : 10. Accompanying this, the white haze in the resulting image can 
be reduced, and especially in a solid image, uniformity can be achieved. Herein, thecontrol of the ratio of the application 
quantity of the black ink to that of the color ink per area of the recording medium in the image forming region can be 
performed by, specifically, for example, when the application of the black ink and the color ink on the recording medium 

45 are performed by the ink-jet recording method, a method in which the number of pixels of the color ink to be adhered 
on the recording medium is controlled in the range of 1 0% to 1 00% of the number of pixels of the black ink to be adhered 
on the recording medium, a method in which the ejection quantity of the color ink is controlled to be smaller than the 
ejection quantity of the black ink, or a method in which the aforementioned methods are combined, so that the number 
of pixels of the color ink to be adhered on the recording medium is controlled to be in the range of 1 0% to 1 00% of the 

50 number of pixels of the color ink and the black ink to be adhered on the recording medium, and at that time, the ejection 
quantity of the color ink is controlled to be smaller than the ejection quantity of the black ink. 

[0121] As the method for adhering the black ink and the color ink constituting the ink set for ink-jet recording according 
to the present embodiment, the ink-jet recording method is used in the present embodiment. As the ink-jet recording 
method, various publicly known conventional ink-jet methods, such as, for example, an ink-jet recording method using 
55 mechanical energy due to deformation of a piezoelectric element, can be used. However, in particular, it is preferable 
to use an ink-jet recording method using thermal energy, because remarkable effects of the present invention can be 
achieved. 

[0122] That is, as described above, when the color ink including the polyvalent metal salt is used in order to improve 
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the prevention of color mixed bleeding between the blank ink an n «^ . , 

in the case where the image is formed by the Z^et r^ord no method ° CCUrrence of which occurs 

ink, and degradation of image quality iwanJi ^ 10 0Rter t0 ej6Ct the CO,or 

according to the present embodiLntL^ T^f" * ink " jet reCOrdin 9 ™thod 

embodiment and the color ink (2). In co^Z^ST^ Z IT u *"* ^ ° > aCC ° rding t0 the P resent 
order to prevent bleeding was repeatedly ejected f remTSiSrh h ' COnta,nin 9 a Polyvalent metal salt in 
layer made of at least one of metals and me af 0 ^ the outermost surface protection 

element substrate), which applies thermal energy, is ° n a dealer (heater 

cause a problem of incapability of ejection, and Rogation waff om^ed on I 2 * the heater ° CCUrred 50 as to 
•mage quality was affected. However, these piai^^S^^m *° '° CaUS9 3 Pr ° b ' em in that the 

52L2 ink " jet — — i «^^-^ESS =r. e first 

F.g. 12 shows an embodiment thereof. Recording heads 141 142 14 ^in ifi arran96d 0n 3 C8rriage iS USed ' 
cyan ink (C), and black ink (Bk), respectively These hea* ■» hJ. ' T ? ^ ye "° W ink (Y) ' ma 9 enta ink W, 
and eject each of the inks responding to ^^22^22^! T f rementioned wording apparatus 
carriage is moved in the direction indicated by an arrow ' ° f ,he C0 '° r inks ' while ' for e * am P'a. a 

number, a^alVh^r™ - P— invention no, limited to this 

153 from one recording head by separaTg CSSI ' ye "° W ' ^ 1 52 ' and <* an 

boSnt^sr ^s^r* 9 r appropriate,y — * *• »*— - 

indicate recording heads for ejecting inks ofyo o« ^ maa^^T™!? 1 * 164 and 171 1 ° 174 < ^spectively, 
the recording heads is arranged on L c a J g ^2^^ 0 ^J?"* (Bk) ' Each - 

ments differ depending on the exact configurations Each «f T L- ° Wn F,g - 12 ' althou 9 h the arr ange- 

recording apparatus, and ejects respect^? in£ respondina ,o / ZT"* * " deP '° yed thS af °™ioned 
with the carriage in the direction innate ^by anTmow Tf^^S^^S^ °" he heads ™ ves 

the direction indicated by an arrow (2) ( rec ord.ng medium moves with feed roller, etc in 

!re 2 a^ -ads Bk (1S4), C ( 1 63) , M (162 , and y (161) 

recording head IbrtheWaek Ink (l/^d^^h^^ Z ' I?™ * 15 ' iS °f a 

other, and in paralle! to the aforementioned 2S TKe L JJ* "? Y < 171 > arran 9 ed «" series with each 

Pinter having a configuration corresponding to that as show Mn £ lnVen ' 10 " ma y be a PP'i* d to a so-called line 
medium is moved with a feed roller, etc., in L d ^"nSated by a aZ 2) * * 3 r6C ° rdinQ 



Examples 
[0128] 



basis, unless othewise specified. examples. In the following description, parts and % are on a weight 



Examples and Comparative Examples According to First Embodiment 
«* Examples 1 to 33 and Comparative Examples 1 to 11 
[0129] 



P— S 

were dissolved, and thereafter, were pressure-filtrated usin^ a m^nfiL I 9 f ° ,IOWing com P°"ents 

by Fuji Photo Film Co., Ltd.) so as to produce each of the liolT , 9 * ^ °' 02 ^ m (manufactured 
[0130] Regarding the color inks usino dve N ^Z, Ixjuid compositions and the color inks, 
spectivo ways, and^he ™*ZZ*^ ^ — P^ced by re- 

were pressure-filtrated using a microfilter having a po e s ize of 3 iTlT < \ J ^ reSU,tin S mixtures 

as to produce respective pigment inks R (manufactured by Fuji Photo Film Co., Ltd.) so 

foTcomp^ 
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Liquid Composition 1 



Diethylene glycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 

Magnesium nitrate • 6 hydrates 

Taurine 

Water 



10 





Liquid Composition 2 




Triethylene glycol monobutyl ether 


1 0 parts 




Glycerin 


1 0 parts 


15 


Magnesium gluconate 


4 parts 




Taurine 


3 parts 




Water 


73 parts 


20 






Liquid Composition 3 




Triethylene glycol monobutyl ether 


1 0 parts 




Glycerin 


1 0 parts 




Calcium glycerophosphate 


1 part 


25 


Sodium aspartate 


2 parts 




Water 


77 parts 



20 parts 
2 parts 
2 parts 
2 parts 

74 parts 



30 



35 



Liquid Composition 4 



Diethylene glycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co. 
Water 



Ltd.) 



20 parts 
2 parts 
78 parts 



Black Ink 1 



Production of Pigment Dispersion Liquid 1 



40 



50 



55 



[0132] 300 g of commercially available acidic carbon black "MA77" (pH of 3 3 manufactured by MITSUBISHI CHEM- 
ICAL CORPORATION) was sufficiently blended with 1 ,000 mL of water. Subsequently, 450 g of sodium hydrochlorite 
(effective chlorine concentration of 1 2%) was dropped thereto, and agitation was performed at 1 00°C to 1 05°C for 1 0 
hours. The resulting slurry was filtrated with Toyo™ filter paper No. 2 (manufactured by Advantis Co.), and pigment 
particles were sufficiently washed with water. The resulting pigment wet cake was dispersed again in 3 : 000 mL of 
water, and was desalted with a reverse osmosis membrane until the electrical conductivity reached 0.2 jis . Furthermore, 
this pigment dispersion liquid (pH of 8 to 10) was concentrated to have a pigment concentration of 1 0% by weight. By 
the aforementioned method, -COONa group was introduced in the surface of the carbon black, so that Pigment Dis- 
persion Liquid 1 including self-dispersion type carbon black was produced. 

Preparation of Ink 

[0133] The following components, including Pigment Dispersion Liquid 1 produced as described above, were mixed, 
and furthermore, were pressure-filtrated using a microfilter having a pore size of 3 \im (manufactured by Fuji Photo 
Film Co., Ltd.) so as to produce Black Ink 1 . 



The aforementioned Pigment Dispersion Liquid 1 
Glycerin 



40 parts 
8 parts 
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(continued) 
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Trimethylolpropane 
Isopropyl alcohol 
Water 



5 parts 
4 parts 
43 parts 



Black Ink 2 

Production of Pigment Dispersion Liquid 2 
[0134] 



Styrene-acrylic acid-butyl acrylate copolymer (acid value of 116, average molecular weight of 3 700) 

Triethanolamine 

Diethylene glycol 

Water 



5 parts 
0.5 parts 
5 parts 
69.5 parts 
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£JS 1 af ° rcmcntloned c °<"P°ncnts were mixed, and were heated to 70°C with a water bath so as to completely 

1 fo artS ° f Carb ° n b,aCk " MA - 10 °" (PH ° f 35 ' ™ ufactu - d by MITSUBISHI CHErW 
m^nto? th I J P 2 - propano1 were added t0 th * resulting solution, and premixing was performed for 30 

m.nutes. Thereafter, d.spers.on treatment was performed under the following conditions. 

dispersing machine: sand grinder (manufactured by Igarashi Kikai) 
grinding media: zirconium beads of 1 mm in diameter 
grinding media filling factor: 50% by volume 
grinding time: 3 hours 

!"l SeqUent ' y : Ce " tr f u 9 al nation treatment was performed at 12,000 rpm for 20 minutes, so that coarse 
particles were removed and Pigment Dispersion Liquid 2 containing carton black was produced. 

Preparation of Ink 

?n!f ILL he f °" OWin9 COmponen , ts ' includin 9 p ig™nt Dispersion Liquid 2 produced as described above, were mixed 

Rm Co Z?t' prSS H SUre l trated usi "9 a having a pore size of 3 urn (manufactured by Fuji Photo 

Film Co., Ltd.) so as to produce Black Ink 2. J 



The aforementioned Pigment Dispersion Liquid 2 — — 

Trimethylolpropane 

Diethylene glycol 

2-pyrrolidone 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co Ltd ) 
Water 



20 parts 
5 parts 
1 0 parts 
5 parts 
0.2 parts 
59.8 parts 



Black Ink 3 



mil^d 1 J^T^ C ° mponents = inc,udjn 9 the aforementioned Example Compound 1 as a coloring material, were 

pZ Film C "T preS H SUre D fi,trated ^ a ^mter having a pore size of 0.2 ^m (manufactured by Fuji 

Photo Film Co., Ltd.) so as to produce Black Ink 3. 



The aforementioned Example Compound 1 (in the formula, M designates NH 4 +) 

Diethylene glycol 

2-pyrrolidone 

2-propanol 

Sodium hydroxide 

Water 



2 parts 
1 0 parts 
5 parts 
5 parts 
0.1 parts 
77.9 parts 
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Yellow Ink 1 

Production of Pigment Dispersion Liquid 3 
5 [0139] 



Styrene-acrylic acid copolymer (acid value of 200, average molecular weight of 7,000) 


5.5 parts 


Monoethanolamine 


1 .0 part 


Ion-exchanged water 


67.5 parts 


Diethylene glycol 


5.0 parts 



[01 40] The aforementioned components were mixed, and were heated to 70°C with a water bath so as to completely 
dissolve the resin component. 20 parts of C.I. Pigment Yellow 93 and 1 .0 part of isopropyl alcohol were added to the 
15 resulting solution, and premixing was performed for 30 minutes. Thereafter, dispersion treatment was performed under 
the following conditions. 

dispersing machine: sand grinder 
grinding media: glass beads of 1 mm in diameter 
20 grinding media filling factor: 50% by volume 

grinding time: 3 hours 

[0141] Subsequently, centrifugal separation treatment was performed at 12,000 rpm for 20 minutes, so that coarse 
particles were removed and Pigment Dispersion Liquid 3 was produced. 

25 

Preparation of Ink 

[01 42] The following components, including Pigment Dispersion Liquid 3 produced as described above, were mixed, 
and furthermore, were pressure-filtrated using a microfilter having a pore size of 3 \im (manufactured by Fuji Photo 
30 Film Co., Ltd.) so as to produce Yellow Ink 1 . 



The aforementioned Pigment Dispersion Liquid 3 


20 parts 


Glycerin 


15 parts 


Diethylene glycol 


1 0 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


0.3 parts 


Water 


54.7 parts 



Yellow Ink 2 

[0143] The following components, including the aforementioned Example Compound 2 as a coloring material, were 
mixed and dissolved. Thereafter, pressure filtration was performed using a microfilter having a pore size of 0.2 um 
(manufactured by Fuji Photo Film Co., Ltd.) so as to produce Yellow Ink 2. 



45 


The aforementioned Example Compound 2 (in the formula, M designates NH 4 + ) 


3 parts 


Glycerin 


7 parts 




Diethylene glycol 


5 parts 




Urea 


5 parts 




Ethanol 


2 parts 


50 


Water 


88 parts 



55 
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Magenta Ink 1 

Production of Pigment Dispersion Liquid 4 
[0144] 



£££££r 00P '" ym9r ,acld ,a,ue 01 ■* -"■«• »' ™°> 

Ion-exchanged water 
Diethylene glycol 



5.5 parts 
1.0 part 
67.5 parts 
5.0 parts 



resulting solution, and premixing was perfomnec i forTo m^ll ™ ? P ! ° f ,SOprOPy ' a ' C ° ho1 Were added ,0 ,he 
the following conditions. P^^d forSO minutes. Thereafter, dispersion treatment was performed under 

dispersing machine: sand grinder 
grinding media: glass beads of 1 mm in diameter 
grinding media filling factor: 50% by volume 
grinding time: 3 hours 

Preparation of Ink 



„ Film Co., Lid.) so as to produea iTgemaZT 9 " SM 3 im <™™"W™«I "V Fall Photo 



Pigment Dispersion Liquid 4 " " 

Glycerin 

Diethylene glycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co Ltd ) 
Water '' 



Magenta Ink 2 



20 parts 
1 5 parts 
1 0 parts 
0.3 parts 
54.7 parts 



^^;^^^t^^^^: e(i d EXamP,S C ° mp0 - d 3 - * materia,, were 

(manufactured by Fuji Photo Film ST Ltd ) sotsTo 1^°^ ^ * ^ "* * ° 2 ^ 



Gtcer°n ementi0ned EXamP ' e C ° mp ° Und 3 (in ,he formula ' M designates NH 4+ )~ 

Diethylene glycol 

Urea 

Ethanol 

Water 



3 parts 
7 parts 
5 parts 
5 parts 
2 parts 
88 parts 



55 
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Cyan Ink 1 

Production of Pigment Dispersion Liquid 5 
5 [0149] 



Styrene-acrylic acid copolymer (acid value of 200, average molecular weight of 7,000) 


5.5 parts 


Monoethanolamine 


1 .0 part 


Ion-exchanged water 


67.5 parts 


Diethylene glycol 


5.0 parts 



[0150] The aforementioned components were mixed, and were heated to 70°C with a water bath so as to completely 
dissolve the resin component. 20 parts of C.I. Pigment Blue 15:3 and 1 .0 part of isopropyl alcohol were added to the 
resulting solution, and premixing was performed for 30 minutes. Thereafter, dispersion treatment was performed under 
the following conditions. 



dispersing machine: sand grinder 
grinding media: glass beads of 1 mm in diameter 
grinding media filling factor: 50% by volume 
grinding time: 3 hours 



[0151] Subsequently, centrifugal separation treatment was performed at 12,000 rpm for 20 minutes, so that coarse 
particles were removed and Pigment Dispersion Liquid 5 was produced. 

25 

Preparation of Ink 



[01 52] The following components, including Pigment Dispersion Liquid 5 produced as described above, were mixed, 
and furthermore, were pressure-filtrated using a microfilter having a pore size of 3 urn (manufactured by Fuji Photo 
Film Co., Ltd.) so as to produce Cyan Ink 1 . 



Pigment Dispersion Liquid 5 


20 parts 


Glycerin 


1 5 parts 


Diethylene glycol 


1 0 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


0.3 parts 


Water 


54.7 parts 



Cyan Ink 2 

[0153] The following components : including the aforementioned Example Compound 4 as a coloring material, were 
mixed and dissolved. Thereafter, pressure filtration was performed using a microfilter having a pore size of 0.2 \x.\r\ 
(manufactured by Fuji Photo Film Co., Ltd.) so as to produce Cyan Ink 2. 
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The aforementioned Example Compound 4 (in the formula, M designates NH 4 + ) 


3 parts 


Glycerin 


7 parts 




Diethylene glycol 


5 parts 




Urea 


5 parts 




Ethanol 


2 parts 


50 


Water 


88 parts 



Evaluation and Evaluation Criteria 



Evaluation Test 

55 

[0154] Evaluation tests will be described below. 
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15 1 . Ejection durability 



25 



30 



35 



40 



X 108 tjmes WQS 9Q o /o Qr more Qf average 

10 s times was less than 90%, but 70% or more 



A: the average ejection droplet quantity of 9.9 x 10? times to 1 
ejection droplet quantity of 0 to 1 x 1 o 6 times. 
B: the average ejection droplet quantity of 9.9 x 10? times to 1 x 
of the average ejection droplet quantity of 0 to 1 x 10^ times 

^•sxssssrrs&r * ,o? — - - * - - — - - — «. 

D: ejection became impossible during the continuous ejection 
2. Quantity of kogation adhesion 

with an optical microscope (magnification S 

eva.uate the quantity of ^^tS^^^ ** ^ ° f k ° 9ati ° n ^ <° 

A: kogation adhesion was hardly observed. 
B: kogation adhesion was observed to some degree. 
C: kogation adhesion was observed to a large degree. 
D: kogation adhesion was observed to very large degree. 



45 



50 







1 . Ejection Durability 


2. Kogation Adhesion Quantity 


Example 1 


Liquid Composition 1 


A 


A 


Example 2 


Liquid Composition 2 


A 


A 


Example 3 


Liquid Composition 3 


A 


A 


Comparative Example 1 


Liquid Composition 4 


A 


A 



Evaluation 2 



55 
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recording heads among the five recording heads as shown in Fig. 7. At this time, the liquid composition was under 
picked so as to adhere on the recording paper, and subsequently, the color ink was adhered. The position of the 
adhesion of the liquid composition on the recording paper and the position of the adhesion of the color ink on the 
recording paper were controlled to precisely coincide with each other. The recording head used for this recording had 
5 a record density of 360 dpi, and the driving frequency was specified to be 5 kHz. The ejection volume per dot of the 
head used for the color ink was 80 pl/dot, and that of the head used for the liquid composition was 40 pl/dot. As the 
recording paper, a paper manufactured by CANON KABUSHIKI KAISHA, (trade name: PB paper) and a paper man- 
ufactured by Xerox Corporation, (trade name: 4024 paper) were used. 

10 3. Water Resistance of Image 

[0159] Printing was performed using each of the color inks and each of the liquid compositions in combinations as 
shown in Table 2 by the aforementioned method. The print was stood for 1 hour, and thereafter, print density was 
measured with a Macbeth RD915 (trade name, manufactured by Macbeth). Subsequently, this print was immersed for 
15 3 minutes in a container filled with tap water was removed, and dried. Then, the print density was measured again, 
and the density retention rate of the print was determined so as to evaluate water resistance. The density retention 
rate is preferably 95% or more in practice. The results of the evaluation are shown in Table 2. The evaluation criteria 
were as described below. 

20 

print density retention rate = (print density after 
immersion in water / print density before immersion in 
25 water) x 100 

A: print density retention rate is 95% or more. 

B: print density retention rate is 85% or more, but 95% or less. 

C: print density retention rate is less than 85%. 

30 

4. Print Quality of Image (Bleeding) 

[01 60] Printing of alphanumeric characters { 1 2 points) was performed in a manner similar to that as described above, 
and after standing for 1 hour sharpness of the characters and degree of whisker-like bleeding generated from the 
35 characters were evaluated based on a visual inspection. The results of the evaluation are shown in Table 2. The 
evaluation criteria were as described below. 

A: character has sharpness and whisker-like bleeding was not observed. 

B: character does not have sharpness and bleeding was observed to some degree. 

C: character does not have sharpness and bleeding was observed to a great degree. 



Table 2 
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Combination Used For Ink-Jet 
Recording 


3. Water Resistance 


4. Print Quality 






Liquid 

Composition 


Colored Ink 


PB Paper 


4024 Paper 


PB Paper 


4024 Paper 


50 


Example 4 


Liquid 

Composition 1 


Black 1 (self- 
dispersion 
pigment 


A 


A 


A 


A 




Example 5 


Liquid 

Composition 1 


Black 2 (pigment) 


A 


A 


A 


A 


55 


Example 6 


Liquid 

Composition 1 


Black 3 (dye) 


A 


A 


A 


A 
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Table 2 (continued) 



5 




Combination Use 
Recording 


'd For Ink-Jet 


3. Water Resistance 


4. Print Quality 






Liquid 

Composition 


Colored Ink 


PB Paper 


4024 Paper 


I PB Paper 


4024 Paper 


10 


Example 7 


Liquid 

Composition 1 


Yellow 1 
(pigment) 


A 


A 


j A 


A 


Example 8 


Liquid 

Composition 1 


Yellow 2 (dye) 


A 


A 


1 A 


A 




Example 9 


Liquid 

Composition 1 


Magenta 1 
(pigment) 


A 


A 


A 


A 


15 


Example 1 0 


Liquid 

Composition 1 


Magenta 2 (dye) 


A 


! A 


A 


A 




Example 11 


Liquid 

Composition 1 


Cyan 1 (pigment) 


A 


A 


A 


A 


20 


Example 12 


Liquid 

Composition 1 


Cyan 2 (dye) 


A 


[ A 


A 


A 




Example 13 


Liquid 

Composition 2 


Black 1 (self- 
dispersion 


A 


1 A 


! A 


A 


25 






pigment 












Example 14 


Liquid 

Composition 2 


Black 2 (pigment) 


A 


A 


I A 


A 


30 


Example 15 


Liquid 

Composition 2 


Black 3 (dye) 


A 


1 A 


A 


A 




Example 16 


Liquid 

Composition 2 


Yellow 1 
(pigment) 


A 


A 


A 


A 


35 


Example 1 7 


Liquid 

Composition 2 


Yellow 2 (dye) 


A 


A 


A 


A 




Example 18 


Liquid 

Composition 2 


Magenta 1 
(pigment) 


A ~~ 1 


A J 


A ~~ 


A 


40 


Example 19 


Liquid 

Composition 2 


Magenta 2 (dye) 


A I 


A 


A 


A 




Example 20 


Liquid 

Composition 2 


Cyan 1 (pigment) 


A | 


A [ 


A 


A 




Example 21 


Liquid 

Composition 2 


Cyan 2 (dye) 


A 


A ! 


A 


A 


45 


Example 22 


Liquid 

Composition 3 


Black 1 (self- 
dispersion 
pigment 


A 


A | 


A 


A 


50 


Example 23 


Liquid 

Composition 3 


Black 2 (pigment) 


A 


A 


A 


A 




Example 24 


Liquid 

Composition 3 


Black 3 (dye) 


A 


A 


A 


A 


55 


Example 25 


Liquid 

Composition 3 


Yellow 1 
(pigment) 


A 


A | 


A 


A 




Example 26 


Jquid 

Composition 3 


Yellow 2 (dye) 


A 


A 


A 


A 
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Table 2 (continued) 







Combination Used For Ink-Jet 
Recording 


3. Water Resistance 


4. Print Quality 


5 




Liquid 

Composition 


Colored Ink 


PB Paper 


4024 Paper 


PB Paper 


4024 Paper 




Example 27 


Liquid 

Composition 3 


Magenta 1 
(pigment) 


A 


A 


A 


A 


10 


Example 28 


Liquid 

Composition 3 


Magenta 2 (dye) 


A 


A 


A 


A 




Example 29 


Liquid 

Composition 3 


Cyan 1 (pigment) 


A 


A 


A 


A 


15 


Example 30 


Liquid 

Composition 3 


Cyan 2 (dye) 


A 


A 


A 


A 


20 


Comparative 
Example 2 


Liquid 

Composition 4 


Black 1 (self- 
dispersion 
pigment 


A 


A 


B 


B 


Comparative 
Example 3 


Liquid 

Composition 4 


Black 2 (pigment) 


A 


A 


B 


B 


25 


Comparative 
Example 4 


Liquid 

Composition 4 


Black 3 (dye) 


C 


C 


C 


C 


Comparative 
Example 5 


Liquid 

Composition 4 


Yellow 1 
(pigment) 


A 


A 


B 


B 


30 


Comparative 
Example 6 


Liquid 

Composition 4 


Yellow 2 (dye) 


B 


B 


C 


C 


Comparative 
Example 7 


Liquid 

Composition 4 


Magenta 1 
(pigment) 


A 


A 


B 


B 




Comparative 
Example 8 


Liquid 

Composition 4 


Magenta 2 (dye) 


C 


C 


C 


C 


35 


Comparative 
Example 9 


Liquid 

Composition 4 


Cyan 1 (pigment) 


A 


A 


B 


B 




Comparative 
Example 1 0 


Liquid 

Composition 4 


Cyan 2 (dye) 


C 


C 


C 


C 



40 

5. Bleeding (color mixed bleeding between different colors) 



[0161] An ink set composed of a liquid composition and color inks in each of combinations as shown in Table 3 was 
used. The aforementioned two kinds of plain papers were printed with solid patches of the liquid composition, and 
immediately after that, the papers were printed with solid patches of the black ink on the region of the solid patches of 
the liquid composition. Furthermore, immediately after that, the papers were printed with solid patches of each of yellow, 
magenta, and cyan inks on the region of the solid patches of the liquid composition adjacently to the solid patches of 
the black ink. The boundary portions of the resulting solid patch prints were visually inspected so as to evaluate bleeding 
between the black ink and each of the color inks. The evaluation criteria were as described below. 

A: Bleeding is not observed at all boundaries. 

B: Bleedings are observed to some degree, but those are not obtrusive. 
C: Bleedings are observed to a large degree at almost every boundary. 

[0162] The results of the evaluation are shown in Table 3. 



35 
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45 



50 



Table 3 









Ink Set 


5. Bleeding 


5 




Liquid 

Composition 


Black Ink 


Color Ink 


PB Paper 


4024 Paper 


10 


Example 31 


Liquid 

Composition 
1 


Black 1 
(self- 
dispersion 
pigment) 


Yellow 1 
(pigment) 


Magenta 1 
(pigment) 


Cyan 1 
(pigment) 


A 


A 


15 


Example 32 


Liquid 

Composition 
1 


Black 3 
(dye) 


Yellow 2 
(dye) 


Magenta 2 
(dye) 


Cyan 2 
(dye) 


A 


A 


Example 33 


Liquid 

Composition 
2 


Black 1 
(self- 
dispersion 
pigment) 


Yellow 1 
(pigment) 


Magenta 1 
(pigment) 


Cyan 1 
(pigment) 


A 


A 


20 


Example 34 


Liquid 

Composition 
2 


Black 3 
(dye) 


Yellow 2 
(dye) 


Magenta 2 
(dye) 


Cyan 2 
(dye) 


A 


A 


25 


Example 35 


Liquid 

Composition 
3 


Black 1 
(self- 
dispersion 
pigment) 


Yellow 1 
(pigment) 


Magenta 1 
(pigment) 


Cyan 1 
(pigment) 


A 


A 


30 


Example 36 


Liquid 

Composition 
3 


Black 3 
(dye) 


Yellow 2 
(dye) 


Magenta 2 
(dye) 


Cyan 2 
(dye) 


A 


A 


35 


Comparative 
Example 11 


Liquid 

Composition 
4 


Black 1 
(self- 
dispersion 
pigment) 


Yellow 1 
(pigment) 


Magenta 1 
(pigment) 


Cyan 1 
(pigment) 


C 


C 




Comparative 
Example 12 


Liquid 

Composition 
4 


Black 3 
(dye) 


Yellow 2 
(dye) 


Magenta 2 
(dye) 


Cyan 2 
(dye) 


C 


C 



4Q Examples and Comparative Example According to Second Embodiment 
Examples 37 to 39 and Comparative Example 13 



Ed .h n e k c S otor ^sTveL'mlT T C ? npara ? B Exam " e 1 3 we - P^uced by the combination of the black 
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Ink Set of Example 37 
[0164] 



5 


Black Ink Composition 




The aforementioned Pigment Dispersion Liquid 1 


40 parts 




Glycerin 


8 parts 




Trimethylolpropane 


5 parts 


10 


Isopropyl alcohol 


4 parts 




Water 


43 parts 



Yellow Ink Composition 


C.I. Acid Yellow 23 


2.5 parts 


Glycerin 


5 parts 


Diethylene glycol 


5 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 


Magnesium acetate • 4 hydrates 


2 parts 


Taurine 


1 part 


Water 


83.5 parts 




Magenta Ink Composition 


C.I. Acid Red 289 


2 parts 


Glycerin 


8 parts 


Diethylene glycol 


5 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 


Magnesium nitrate • 6 hydrates 


1 parts 


Sodium aspartate 


0.5 parts 


Water 


82.5 parts 



35 





Cyan Ink Composition 




C.I. Acid Blue 9 


2 parts 


40 


Glycerin 


8 parts 




Diethylene glycol 


5 parts 




Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 




Magnesium nitrate • 6 hydrates 


1 part 




Taurine 


1 part 


45 


Water 


82 parts 



Ink Set of Example 38 



[0165] 

50 



Black Ink Composition 


The aforementioned Pigment Dispersion Liquid 1 


40 parts 


Glycerin 


5 parts 


Diethylene glycol 


5 parts 


2-pyrrolidone 


5 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


0.3 parts 
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(continued) 




Black Ink Composition 


water 


44.7 parts 




Yellow Ink Composition 


C.I. Acid Yellow 23 
Glycerin 

Diethylene glycol 
Trimethylolpropane 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 

Magnesium gluconate 

Taurine 

Water 


2.5 parts 
5 parts 
5 parts 
5 parts 
1 part 
1 part 
1 part 
79.5 parts 



Magenta Ink Composition 


C.I. Acid Red 289 
Glycerin 

Diethylene glycol 
Thiodiglycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co.. Ltd.) 

Magnesium gluconate 

Taurine 

Water 


2 parts 
8 parts 
5 parts 
5 parts 
1 part 
1 .5 parts 
1 part 
76.5 parts 



Cyan Ink Composition 


C.I. Acid Blue 9 
Ethylene glycol 
Diethylene glycol 
Trimethylolpropane 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 

Calcium gluconate 

Taurine 

Water 


2 parts 
8 parts 
5 parts 
5 parts 
1 part 
1 part 
1 part 
77 parts 



Ink Set of Example 39 

45 

[0166] 



Black Ink Composition 


The aforementioned Pigment Dispersion Liquid 2 

Trimethylolpropane 

Diethylene glycol 

2-pyrrolidone 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co Ltd ) 
Water 


20 parts 
5 parts 
1 0 parts 
5 parts 
0.2 parts 
59.8 parts 
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Yellow Ink Composition 




C.I. Acid Yellow 23 


2.5 parts 


5 


Glycerin 


5 parts 




Diethylene glycol 


5 parts 




Trimethylolpropane 


5 parts 




Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 




Calcium glycerophosphate 


1 part 


10 


Taurine 


1 part 




Water 


79.5 parts 



Magenta Ink Composition 


C.I. Acid Red 289 


2 parts 


Glycerin 


8 parts 


Diethylene glycol 


5 parts 


Thiodiglycol 


5 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 


Calcium glycerophosphate 


1 part 


Taurine 


1 part 


Water 


77 parts 





Cyan Ink Composition 




C.I. Acid Blue 9 


2 parts 


30 


Ethylene glycol 


8 parts 




Diethylene glycol 


5 parts 




Trimethylolpropane 


5 parts 




Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 




Calcium glycerophosphate 


1 part 


35 


Taurine 


1 part 




Water 


84.5 parts 



Ink Set of Comparative Example 13 



Black Ink Composition 


The aforementioned Pigment Dispersion Liquid 1 


40 parts 


Glycerin 


8 parts 


Trimethylolpropane 


5 parts 


Isopropyl alcohol 


4 parts 


Water 


43 parts 



50 



Yellow Ink Composition 


C.I. Acid Yellow 23 


2.5 parts 


Glycerin 


5 parts 


Diethylene glycol 


5 parts 


Acetylenol EH (manufactured by Kawaken Fine Chemicals Co., Ltd.) 


1 part 


Water 


86.5 parts 
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Magenta Ink Composition 


C.I. Acid Red 289 
Glycerin 

Diethylene glycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals CO Ltd ) 
Water ' 


2 parts 
8 parts 
5 parts 
1 part 
84 parts 






Cyan Ink Composition 


CI. Acid Blue 9 
Glycerin 

Diethylene glycol 

Acetylenol EH (manufactured by Kawaken Fine Chemicals Co Ltd ) 
Water ' 


2 parts 
8 parts 
5 parts 
1 part 
84 parts 



20 

, Table 4 



Primary Composition of Ink Set 



Ink Set 


Kind of Ink 


Coloring Material 


Polyvalent Metal Salt 


Acid Including Amino 
Group 


Example 37 


Black 


Dispersion Liquid 1 








Yellow 


Acid Y-23 


Magnesium acetate 


i Taurine 




Magenta 


Acid R-289 


Magnesium nitrate 


Aspartic acid 




Cyan 


Acid B-9 


Magnesium acetate 


Taurine 


Example 38 


Black 


Dispersion Liquid 1 








Yellow 


Acid Y-23 


Magnesium gluconate 


Taurine 




Magenta 


Acid R-289 


Magnesium gluconate 


Taurine 




Cyan 


Acid B-9 


Calcium gluconate 


Taurine 


Example 39 


Black 


Dispersion Liquid 2 








Yellow 


Acid Y-23 


Calcium 
grycerophosphate 


Taurine 




Magenta 


Acid R-289 


Calcium 
grycerophosphate 


Taurine 




Cyan 


Acid B-9 


Calcium 
grycerophosphate 


Taurine 


Comparative Example 
13 


Black 


Dispersion Liquid 1 








Yellow 


Acid Y-23 








Magenta 


Acid R-289 








Cyan 


Acid B-9 







Evaluation Test 



[01 68] Evaluation tests will be described below. 
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Evaluation 1 

[0169] Evaluation was performed by ejecting the inks of the ink set of the aforementioned Examples 37 to 39 and 
Comparative Example 13 using an ink-jet recording apparatus including an on-demand type multi-recording head BC- 
02 (manufactured by CANON KABUSHIKI KAISHA, and an outermost surface protection layer on a heater is made of 
tantalum and tantalum oxide), which ejects inks by applying thermal energy to inks responding to a recording signal, 
under the following condition. Regarding the ink ejection condition of the aforementioned ink-jet recording apparatus, 
V th (a critical voltage required for ejection at a minimum level) was measured with a pulse width of 1 .1 u.s (On) + 3.0 
u,s (Off) + 3.2 jis (On) and driving frequency of 6,250 Hz, and thereafter, the ink was ejected applying V op (driving 
voltage) which corresponds to r value of 1 .6. Ejection durability and occurrence status of kogation adhesion to the 
heater of the ink-jet recording head when ink-jet recording were performed under the aforementioned condition were 
evaluated based on the following method and criteria. The results thereof are as shown in Fig. 5. 

1 . Ejection durability 

[0170] Continuous ejection was performed with the aforementioned apparatus and conditions, and droplets ejected 
from the recording head were collected into a container at intervals of 1 x 1 o 6 times of ejection, and were weighed 
with an electrobalance. An average ejection droplet quantity of 1 x 10 6 times of ejection was calculated from increase 
in weight of the container. The continuous ejection was performed until 1 x 10 8 limes, and evaluation was performed 
based on the following criteria. 

A: the average ejection droplet quantity of 9.9 x 10 7 times to 1 x 10 8 times was 90% or more of the average 
ejection droplet quantity of 0 to 1 x 10 6 times. 

B: the average ejection droplet quantity of 9.9 x 10 7 times to 1 x 1 0 8 times was less than 90%, but 70% or more 
25 of the average ejection droplet quantity of 0 to 1 x 1 0 6 times. 

C: the average ejection droplet quantity of 9.9 x 10 7 times to 1 x 1 0 8 times was less than 70% of the average 

ejection droplet quantity of 0 to 1 x 10 6 times. 

D: ejection became impossible during the continuous ejection. 

30 2. Quantity of kogation adhesion 

[0171] The recording head, on which the aforementioned evaluation of ejection durability of head was completed, 
was disassembled, and the surface of the heater of the nozzle used forthe ejection durability test was visually inspected 
with an optical microscope (magnification of 400 times) so as to evaluate the quantity of kogation adhesion based on 
35 the following criteria. 

A: kogation adhesion was hardly observed. 
B: kogation adhesion was observed to some degree. 
C: kogation adhesion was observed to a large degree. 
40 D: kogation adhesion was observed to a very large degree. 



Table 5 



Ink Set 


Kind of Ink 


1 . Ejection Durability 


2. Kogation Adhesion Quantity 


Example 37 


Black 


A 


B 


Yellow 


A 


B 


Magenta 


A 


B 


Cyan 


A 


B 


Example 3B 


Black 


A 


B 


Yellow 


A 


B 


Magenta 


A 


B 


Cyan 


A 


B 
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Ink Set 


Kind of Ink 


1 Ejection Durability 


2. Kogation Adhesion Quantity 


Example 39 


Black 


A 


B 


Yellow 


A 


B 


Magenta 


A 


B 


Cyan 


A 


B 


Comparative Example 1 3 


Black 


A 


B 


Yellow 


A 


B 


Magenta 


A 


B 




Cyan 


A 


B 



Evaluation 2 



Examples 37 to 42 and Comparative Examples 13 and 14 

^^^!Si?c^r£ SSS^S? acc T 9 10 the present invention 

is, an ink-jet recording apparatus nc udino a manufac ^ed by CANON KABUSHIKI KAISHA), that 

thermal energy to the hSK^^^SS TtZtT"'"? ^ ""** ' nkS by 

and 4 were performed recording signal. Subsequently, evaluation regarding the following items 3 

of the color ink is prior to the application o he b ^7 h° u ° n the reC ° rding medium wherein the appOcatton 
using the ink sets of Example 37 fo 39 wl taken i F T*?" ^ reC ° rdin9S by the Under P ick meth <* 

the under pick method usTg the ink S^SlSSlSLf?^ , * 42 ' "-P**^ and the *nk-jet recording by 
evaluation thereof was performed Ta^l^S^ h TT > ^ ^ ^Comparative Examples 1 4. The 
quantity of the black in t ZTof h cob" ink oer area 21" ^ ^ Re9ardi " 9 the rall '° ° f the a PP' icati °" 
ink was specified to be 1 0 : 2 5 and regard ino tZ ZZ 1 T 7 *** ° f th6 bl3Ck ink ,0 the color 

cyan ink was specified to be I • 1 1 As he oaTe for thT T , ^'^ ° f ye "° W ink to ma 9 enta ir1k *> 

manufactured by CANON KABUSH.K, KA ZS^^^S^X^ " ^ ™ 3 COPyin9 ^ 
Corporation (trade name: 4024 PAPER), were LT^e^ 

3. Bleeding between Black Ink and Color Ink 

E2L. a^ Z:7*£ZT^T e oLoLt PaP6rS Print6d With S0 ' id PatCh6S ° f ,he black *" k each of the 
colorinks adjacent* ^^^^£££"51 T T ^ ° f ~ h ° f ye "° W ' m » and c * a " 
visually inspected so as to evafuafe bXdt be£ Je SJ^!?^^ ° f *" reSU " in9 S ° Hd P3tCh printS Were 
described below. 9 6 " the blaCk lnk and tne color inks - The evaluation criteria were as 

A: Bleeding is not observed at all boundaries. 
B: Bleedings are observed to some degree. 

C: Bleedings are observed to a large degree at almost every boundary. 
^Density of Black Ink Portion at Adjacent Boundary Portions between Black Ink and Color Ink (Occurrence of White 

inks adjacently to the soHd patches o me bteSTnk Th™ "lid patches of each of yellow, magenta, and cyan 

between the black ink and ^^l^^2^SS^ VT T *T adjaC6nt M ^ ^ & 
described below. V lns P ected 80 as l ° evaluate. The evaluation criteria were as 
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A: Reduction of density is not observed in the boundary portion, and white haze does not occur. 

B: Reduction of density is observed in the boundary portion, and occurrence of white haze is observed, although 

these do not cause any problem in practice. 

C: Reduction of density is observed to a large degree in the boundary portion, and occurrence of white haze is 
observed to a large degree. 



Table 6 





Under Pick 


3. Bleeding between Black Ink and 
Color Ink 


4. White haze between Black Ink and 
Color Ink 


PB paper 


XX paper 


PB paper 


XX paper 


Example 37 


Not Performed 


A 


A 


B 


B 


Example 38 


Not Performed 


A 


A 


B 


B 


Example 39 


Not Performed 


A 


A 


B 


B 


Example 40 


Performed 


A 


A 


A 


A 


Example 41 


Performed 


A 


A 


A 


A 


Example 42 


Performed 


A 


A 


A 


A 


Comparative 
Example 13 


Not Performed 


C 


C 


C 


C 


Comparative 
Example 14 


Performed 


C 


C 


B 


B 



10 



15 



25 



30 



35 



40 



[0176] In Table 6, the term PB paper represents the copying paper manufactured by CANON KABUSHIKI KAISHA 
(trade name: PB PAPER), and the term XX paper represents the copying paper manufactured by Xerox Corporation 
(trade name: 4024 PAPER). 

[0177] As described above, according to the present invention, the liquid composition, which has water resistance 
and excellent print quality, and can reduce color bleeding that occurs in formation of color images, and furthermore, 
which can achieve long-life ink-jet recording heads, as well as the ink for ink-jet, the ink set for ink-jet recording, the 
ink-jet recording method, the recording unit, the ink cartridge, and the ink-jet recording apparatus are provided. 
[0178] While the present invention has been described with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments. On the 
contrary, the invention is intended to cover various modifications and equivalent arrangements included within the spirit 
and scope of the appended Claims. The scope of the following Claims is to be accorded the broadest interpretation 
so as to encompass all such modifications and equivalent structures and functions. 

[0179] A liquid composition for ink-jet recording, or an ink set for ink-jet recording which produces an image having 
water resistance and excellent print quality, and which can reduce color bleeding that occurs in formation of color 
images, and furthermore., which can extend a life-span of ink-jet recording heads, as well as an ink-jet recording method, 
a recording unit, an ink cartridge and an ink-jet recording apparatus are provided. The liquid composition or a color ink 
constituting the ink set comprising a polyvalent metal salt, a material selected from the group consisting of acids in- 
cluding amino groups and salts thereof, and a liquid medium is used. 



Claims 



50 



1 . A liquid composition for ink-jet recording, which is used together with a color ink and reacts with the color ink when 
it comes into contact with the color ink, the liquid composition comprising: 



55 



2. 



(a) a polyvalent metal salt; 

(b) a material selected from the group consisting of acids including amino groups and salts thereof; and 

(c) a liquid medium. 

The liquid composition according to Claim 1 , wherein the total content of said polyvalent metal salts is 0.005% to 
20% by weight relative lo the total quantity of said liquid composition , and the total content of said materials selected 
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10 



15 



20 



25 



30 



35 



40 
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50 
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«^<c«*.>.emineme,h,,«se,,a„*^^^^^^ 

glycine, alanine, ^alanine, aspanlc acid, and J^Z^Z^ *""*'™^ c ** mte! >«* 

6. An ink-jet recording method compdslng the slaps or: 

(0 ejecting each or said liquid composition according lo anv one ol Claim, i ,„ n »„,, „ , 

;»7olir M ;T "r aPP,yi " 9 K a d° TdUldr „ "and " C< "'" ' 

00 -oanrng a atate o, contact b.r.a.n aaid liquid compoaitien and a,id ooldr ink on rh. recording median, 

7. The ink-je, racerdieg method aocordiag „ Cain, 6, *cr.,„ a celortng mM eda, a, said oehor ink is a pigment. 
SSL'SSS^--*" C """ 6 ' Wh< " # ' n * ">"""*> " — « » • <t- Iheludiag 

9. The ink H e, recording m e,had according ,„ any one o, Cleans 6 ,o 8. am.r.in said energy ia .hem,., aaergy 

12. The ink-jet recording method accordinq to anv one of Claimc Rtnu 

on a recording medium is performed alter 2 ScTttn SLl^ . 9 ' Wher !' n a PP"cat.on of said liquid composition 
said color ink is further applied Tti^^^T °*" "* 0n the r6C ° rdina medium ' *" d subsequently, 

rec^S • - 9, wherein application of said co.or ink on a 

duently, said liquid composition EZSZZ2££ rZ^Z~ ^ "* S ^ 

- '-id composition and the color 
medium and the mixture is applied on a re^dinfmedium ' 9 tM th * reCOrdina 

15. An ink set for ink-jet recording comprising: 

(1 ) a liquid composition according to any one of Claims 1 to 5; and 

l Z\lT^Z^ S n. 9 CO '° rin9 matGrial and 3 ' iqUid - — ^ -id liquid composition 

16. A recording unit comprising: 
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between; and 

an ink-jet recording head that ejects each of said liquid composition and said color ink by applying energy to 
said liquid composition and said color ink. 



5 17. The recording unit according to Claim 16, wherein said ink-jet recording head is provided with a heater having an 
outermost surface protection layer containing a material selected from the group consisting of metals and metal 
oxides. 



18. The recording unit according to Claim 1 7, wherein tantalum or tantalum oxide is contained as said material selected 
10 from the group consisting of metals and metal oxides. 



19. An ink cartridge comprising: 



a liquid composition container portion containing a liquid composition according to any one of Claims 1 to 5; and 
15 an ink container portion containing a color ink which includes a coloring material and a liquid medium, and 

reacts with said liquid composition due to contact therebetween. 



20. An ink-jet recording apparatus comprising: 



20 a liquid composition container portion containing a liquid composition; 

a color ink container portion containing a color ink which reacts with said liquid composition due to contact 
therebetween; and 

an ink-jet recording head that ejects each of said liquid composition and said color ink by applying energy to 
said liquid composition and said color ink, 

25 

wherein said liquid composition is a liquid composition according to any one of Claims 1 to 5. 



21 . The ink-jet recording apparatus according to Claim 20, wherein said ink-jet recording head is provided with a heater 
having an outermost surface protection layer containing a material selected from the group consisting of metals 
30 and metal oxides, and said ink-jet recording apparatus is provided with a device for applying an electrical pulse 

signal to said heater responding to recording information. 



22. The ink-jet recording apparatus according to Claim 21 , wherein tantalum or tantalum oxide is contained as said 
material selected from the group consisting of metals and metal oxides. 

35 

23. The ink-jet recording apparatus according to any one of Claims 20 to 22 : wherein the ratio of an energy E op , which 
is input into a heater in order to eject a liquid composition, to the minimum input energy E th , which is necessary 
for the heater to eject said liquid composition from a recording head, E op /E th> satisfies the following relationship, 

1.10 <E op /E th < 1.90. 



24. An ink set for ink-jet recording comprising: 



(1) a color ink including a coloring material, a liquid medium, a polyvalent metal salt, and a material selected 
from the group consisting of acids including amino groups and salts thereof; and 

(2) black ink which includes a coloring material and a liquid medium, and reacts with the color ink by contact 
with the color ink. 



50 25. The ink set for ink-jet recording according to Claim 24, wherein the total content of said polyvalent metal salts 
included in said color ink is 0.005% to 20% by weight relative to the total quantity of said color ink, and the total 
content of said materials selected from the group consisting of acids including amino groups and salts thereof is 
0.005% to 20% by weight relative to the total quantity of said color ink. 

55 26. The ink set for ink-jet recording according to Claim 24 or 25, wherein said polyvalent metal salt is at least one 
selected from the group consisting of polyvalent metal salts of nitric acid, acetic acid, hydroxycarboxylic acid : and 
polyol phosphate. 
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10 



15 



20 



25 



calcium nitrate, barium nitrL ironflS 

barium acetate, iron(ll) acetate, copper(„ acetate znczlT* " ^ magnesium acetat *> calcium acetate, 
gluconate, iron(M) gluconate, copper* I V^X^ T^™*™ 9,UCOnat ^ barium 

glycerophosphate. 1 ' gluconate ' 2,nc gluconate, magnesium glycerophosphate, and calcium 

(sometimes called sulfamic acid), aminomethaniuSj J*?? f g ' 0up »" s ' sli "9 °< amidosullcric acid 
«*0. cam.mic acid. , W „e, JninT.^XaT S Si™ SZS" 2 " a — 

33. The ink set for ink-jet recording according to any one of Claims ?4 to v u • 

with a recording head comprising: ° 32 ' Wh ' Ch ,s used for an '"Met Printer provided 

a heater applying thermal energy to an ink in order to eject said ink from «,„ •»■ 

" » =r » — . -de « as , aia 

35. An ink-jet recording method comprising the steps of- 

36 - E^sisx s^a^ss; s recSr r ck ink r said ^ - - - a 

formed prior to the application of said black ink 9 ^ a PP |ication <*■ «»id color ink is per- 

- 37. The ink-jet recording method according to Claim 35 or36, wherein said energy Is thermal energy. 
38. A recording unit comprising: 

POrti ° nS C ° ntainin9 ^ ° f SaW inkS an ink set according to any one of Calms 24 

c^ergyTo ZSSi ^ ejSCtin9 ^ ° f "» Sl « d f ™ — ■■* container portions by applying 

oxides. y maier,a( selected from the group consisting of metals and metal 

«. The ,eeo,d,„, „„„ a cca,di„ s ,o Cairn «. „ tere i„ B „«em „u„ M „m o** ,sco„,„„e. ae eaidma.eda, „«, 
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from the group consisting of metals and metal oxides. 

41. An ink cartridge comprising ink container portions containing each of said inks constituting an ink set according to 
any one of Claims 24 to 34. 

5 

42. An ink-jet recording apparatus comprising: 

an ink container portion containing an ink set comprising at least a black ink and a color ink; and 
an ink-jet recording head for ejecting each of said inks supplied from said ink container portion by applying 
io energy to said inks, wherein said ink set is an ink set according to any one of Claims 24 to 34. 

43. The ink-jet recording apparatus according to Claim 42, wherein said ink-jet recording head comprises a heater 
having an outermost surface protection layer containing a material selected from the group consisting of metals 
and metal oxides, and a device for applying an electrical pulse signal to said heater in response to recording 

15 information. 

44. The ink-jet recording apparatus according to Claim 43, wherein tantalum or tantalum oxide is contained as said 
material selected from the group consisting of metals and metal oxides. 

20 45. The ink-jet recording apparatus according to any one of Claims 42 to 44 : wherein the ratio of an energy E op , which 
is input into a heater in order to eject an ink, to the minimum energy input E th , which is necessary for the heater 
to eject said ink from a recording head, E op /E th , satisfies the following relationship, 

25 1.10 <E op /E th S 1.90. 

46. An ink for ink-jet comprising: 

(a) a polyvalent metal salt; 

30 (b) a material selected from the group consisting of acids including amino groups and salts thereof; 

(c) a coloring material; and 

(d) a liquid medium. 
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